In this study essential oil from both conventional and micropropagated flowers of Hedychium coronarium were extracted through hydro-distillation process and its chemical composition were analyzed by gas chromatography and mass spectrometry. A total of 11 compounds were identified from conventionally grown plants where as 7 compounds were identified in micropropagated plants. The major compound identified in conventional and micropropagated plantlets is eucalyptol (18.04 % and 26.47 %) respectively. The medicinally beneficial compounds present in the oil confirm the plant to be curative for various diseases in human and valuable for commercial purposes.
Introduction
Hedychium coronarium Koen. (Ginger lily) is well known for its elegant appearance, appealing scent that provides essential oil, flavour to food and perfume industries. The plant is native to the Eastern Himalayan region of India, also is found in China, Japan and Brazil but very little is known about the regulation of the volatile compound biosynthesis (1) . This rhizomatous herb is commonly used for eye infections, rheumatism problems and also having wide applications in anthelmintic and mild tranquilizer properties in India (2) . Flowers are large white butterfly-shaped formed at the stem tips and lasts only one day. H. coronarium is a strong aromatic perennial plant mainly grows in wild up to 3 metres height from a thick fleshy rhizome in moist soil. The plant is valued for its high quality essential oil having various medicinal uses for which sometimes it is cultivated as a crop. It is widely cultivated as an ornamental plant in tropical and subtropical areas of the world. It is also the national plant of Cuba. An essential oil obtained from the flowers is valued in high grade perfumes and plant essential oils are also used medicinally for severe pain during headache, inflammatory and other nerve related problems (3) . Its stem contains 43 -48% cellulose which is useful in making of paper. Eucalyptol and β-trans-ocimenone are the major component present in its rhizome and flower Horizon e-Publishing Group ISSN: 2348-1900 essential oil having high medicinal value. Eucalyptolis a monoterpenoid used for flavouring and is also medicinal at very low doses. It is an active ingredient in mouthwash preparation, cough suppressant by anti-inflammatory cytokine inhibition and treatment of asthma. Caryophyllene is a natural sesquiterpene having anti-inflammatory properties as well as used in food as preservatives, in preparation of drugs and cosmetics. Alpha-phellandrene is one pair of phellandrene, a monoterpene which acts as an antimicrobial agent and used in fragrances due to its aroma. The cost of its rhizome is 10 dollar, extract of rhizome is 83.5 dollar per kg, oil of rhizome is 59 dollar per 100ml, oil of flower is 12 dollar per ml and coronarin D is 290 dollar per 5mg (4) . Complete uprooting of plants for medicinal uses and increased market demand of extract, essential oil and Ark (juice) extracted from its white fragrant flowers has made it a critically endangered species in India. The conventional method of propagation through rhizome is very difficult due to over exploitation by humans to fulfill commercial demand and therapeutic uses (5, 6) . Besides, slow multiplication in wild and heavy collection has decreased the availability of the plants. The enhancement of plant secondary metabolites has important role in biosynthesis pathways to enhance production of commercially important compounds (7, 8) . These compounds are released due to defense responses in plant tissue culture systems. The tribals still largely depends on local herbal healer and indigenous flora, notwithstanding the spread of modern medicines. Besides its vast medicinal importance very few reports are available on its essential oil composition. Till date there is no data on in-vitro flower oil analysis where major compounds were found in higher percentage in micropropagated plants with comparison to the conventional H. coronarium plantlets.
Materials and Methods

Plant
sample collection and Gas chromatography -mass spectrometry
The plant and rhizome along with its floral parts in the early morning was collected from the wild areas of Eastern Ghats (Phulbani, 20°28' N, 84°14'E). The flowers should be harvested in the morning after the dew has dried when temperatures are low and the plant water content is high. The plant was identified by Dr. P.C. Panda, Principal Scientist (Taxonomy and Conservation Division, Regional Plant Resource Center, Bhubaneswar, India). Then those were maintained in the medicinal plant garden of Centre for Biotechnology, Siksha 'O' Anusandhan University, Bhubaneswar for further study. The bud explant from rhizome of disease-free plants was washed in tap water with a neutral liquid detergent (Extran, Merck) for five minutes. These explants were sterilized with 0.1 % mercuric chloride for seven minutes in a laminar flow cabinet and rinsed four times in double distilled sterile water for removing sterilants before inoculation. Those buds were inoculated on Murashige and Skoog (MS) medium supplemented with various combination of hormones like benzyl adenine (BA), kinetin (Kin), indole-3-acetic acid (IAA) and naphthalene acetic acid (NAA) with sucrose 30 gm/l and agar 0.8 % following our earlier reports (9, 10) . In-vitro raised plants with shoots and roots were transferred outside for growth and oil extraction from the flowers of matured plants. For conventional plant oil analysis, extraction was done from the mother plants collected from the wild. The flowers of micropropagated plants were freshly collected of about 100gm in early morning and washed in fresh tap water for immediate use in essential oil extraction at the age of two and a half year of the plant. H. coronarium flower oil was extracted by hydro-distillation using Clevenger's apparatus following the standard protocol (11) . A round bottom flask containing 100gm of sliced flowers with 500ml of distilled water was heated for six hours for separation of oil in water surface present in the collection chambers. This transparent oil present at the upper layer were collected in a sterilised Eppendorf tube and kept at 4°C for further analysis. To perform GC-MS analysis, 0.1 μl of neat oil was injected into the chromatogram system. The identification of the compounds was done by GC-MS analysis using HP 6890 series GC (Hewlett-Packard, USA) coupled with mass selective detector (MSD) HP 5973 series (HewlettPackard). Helium gas was the carrier gas and samples were injected in split less mode in a column HP5. Phenyl methyl siloxane (25μl film thickness × 320μm internal diameter × 30 m length of the column). Mass spectra were acquired over a 40-400 atomic mass unit range. The analysed compounds were identified by comparing its mass spectral data with NIST library. The programming temperature was initially set as 60°C, ramping rate as 3°C and finally as 243°C with run time for 61 min. Further the identification of these compounds was assigned on the basis of comparison of their retention indices and mass spectra with those given in the literature (12) .
Results and Discussion
The essential oil extracted was transparent in colour for micropropagated plantlets as 0.28% and pale yellow colour in conventional plants as 0.15% respectively. The major compound present in both the oils was eucalyptol which is highly medicinal. Fig. 1 ). The GC-MS chromatogram of both the oils have been shown (Fig. 2 a, b) . There are reports on the chemical composition of flower essential oil in H. coronarium along with its anti-inflammatory activity (13) . Their GC-MS showed 29 compounds, major compound present was trans-ocimenone (28.05%), linalool (18.52%) and 1, 8-cineole (11.35%) respectively. The relative percentage of each was calculated by comparing its average peak area with the total area present. Studies on H. coronarium rhizome and flower oil composition and isolation of several diterpenes and sesquiterpenes has been done (14) (15) (16) . Others studies on GC-MS analysis and antimicrobial activity of H. coronarium oils has been reported (17) (18) (19) (20) (21) . In their reports the dominant component of the oils were monoterpenes and sesquiterpenes, especially 1, 8-cineole (42%), linalool (56%), alphapinene (17%) and beta-pinene (31%) similarly in the present study eucalyptol is present in higher percentages. Pharmacological studies have also been reported in which analgesic and antiinflammatory activities of H. coronarium were studied in animal model (22) . The phytochemical constituents and total phenolic content study of three different species extracts of Hedychium including H. coronarium has been reported (23) . In their study methanolic extracts used in each species showed a moderate quantity of phenolic compounds which might exhibit antioxidant activity. Also there are reports on the use of flowers of H. coronarium as flavoured tea (24) . Though terpenes were identified in both samples but composition pattern was different in same species might be for other factors as previously studied by researchers (25) . The quantitative composition and the relative proportions of oil are widely influenced by various factors such as nature, age, plant genotype, environment, growth conditions, experimental procedures etc. It might be responsible for the observed variations between the present study and published reports of conventional plants. At the same time these micropropagated H. coronarium plants could be conserved in-vitro for commercial purposes.
Fig. 1. Field grown in-vitro flowers of Hedychium coronarium
Conclusion
The results have shown the chemical composition of in-vitro raised plantlets flower essential oil of H. coronarium for the first time. The present study could be useful for conservation purposes for making the plant available throughout the year by tissue culture method for obtaining valuable secondary metabolites. It can be illustrated that difference in major oil content might be due to difference in circumstances i.e. age, pressure, temperature and soil composition which could be further studied. The GC shows the relative concentrations of the compounds and the MS analyzes their nature and structure. The heights of the peak indicate the comparative concentrations of the components present in the samples. Those mass spectra are fingerprint of the present compounds in the sample identified from the library which could further help as a tool for identification of the plant. Hence the GC-MS profile may be used for identification of the plant and provide foundation for future studies on the molecular mechanism involved in floral scent production. 
